Growth and nitrilase production by recombinant Escherichia coli cells harbouring pET 21 (b) plasmid, for the expression of Pseudomonas putida nitrilase were improved using response surface methodology. Central composite design was used for obtaining ideal concentration of critical medium components which include fructose, tryptone, yeast extract and lactose. The optimal values for the concentration of fructose, tryptone, yeast extract and lactose were found to be 1.13, 2.26, 3.25 and 0.9 % (w/v), respectively. Here, fructose served as carbon source for the growth while lactose was preferably used as inducer for the expression of foreign protein. Yeast extract in the medium was used as a growth promoter while tryptone was added as a major nitrogen source. Using this optimized medium, an experimental growth of 6.67 (OD at 600 nm) and nitrilase activity of 27.13 U/ml was achieved. This approach for medium development led to an enhancement of the growth and enzyme activity by 1.4 and 2.2 times, respectively, as compared to the un-optimized medium.
INTRODUCTION
Recent development in molecular biology techniques have helped many fields to flourish and grow faster, this includes biocatalysis as well. Quite often the selected biocatalyst doesn't have desired characteristics and can not be used for industrial purposes. On the other hand the demand of chiral compounds has been increased rapidly over the years (8) . This demand can be catered by biocatalysts cloned in user friendly expression system. One of the industrially important building block materials includes nitrile compounds as they can be converted into high value acids and amides (23) . Chiral purity in these conversations is often desirable and can be obtained production with 91% yield and 100% ee (27) . Diversa corporation (California, USA) created metagenomic library of nitrilases, 27 of them yielded (R)-(−)-mandelic acid with >90% ee (7) . Based on the desirable characteristics of the nitrilase, the gene from P. putida was cloned in E. coli BL 21 using pET 21b plasmid (2) .
Optimization of culture conditions resulted in the enhancement of nitrile hydrolyzing activity (16, 17, 24, 25) indicating the role of various culture conditions in the formation of desired enzyme. We used recombinant microorganism under the tight control of T7 promoter, which needed an inducer for expression. Lactose was used as inducer instead of costlier IPTG for the higher expression level of nitrilase. The composition of the fermentation medium plays an important role in the expression of the enzyme catalyzing the desired reaction. It was necessary to study the interaction between lactose and other media components in determining the growth and enzyme production by the recombinant E. coli cells. The study of critical medium components by conventional way i.e. varying one parameter at a time and keeping the other constant; is time consuming and does not allow us to study the effect of interaction of various parameters (6) . To overcome this difficulty, response surface methodology (RSM) was employed (1, 20) . RSM and factorial design are important tools to study the effect of both the primary factors and their mutual interactions (5, 14) . Central composite design (CCD) is a well established, widely used statistical technique for determining the key factors from a large number of medium components by a small number of experiments. Experimental designs have been commonly used for the optimization of multiple variables with minimum number of experiments (10, 13, 15, 19, 26) . In this investigation, we tried to improve cell growth as well as nitrilase production of recombinant E. coli by studying various medium components using central composite design.
MATERIALS AND METHODS

Microorganism and culture conditions
The microorganism used in the present work was a recombinant E. coli cell harbouring nitrilase gene in pET 
Estimation of growth
The growth of the organism was estimated by taking 1 ml sample and measuring the optical density (OD) at 600 nm by UV-visible spectrophotometer (Beckman DU 7400, U.S.A.) against water as the blank.
Enzyme activity
The standard reaction mixture (2 ml) consisted of wet cell paste (10 mg) suspended in phosphate buffer (100 mM, pH 7.5). Mandelonitrile (5 mM) was added to initiate the reaction and the mixture was incubated in a water bath maintained at 37 °C for 20 min. The amount of ammonia produced in the enzymatic reaction was estimated by fluorimetric method (4) . Nitrilase production by recombinant E. coli
Experimental design and data analysis
Four experimental factors; fructose, tryptone, yeast extract and lactose were chosen for the enhancement of growth and enzyme production by recombinant E. coli. They were found to have the most significant effect on both growth and enzyme production as determined during the initial studies. Response surface methodology using a four factor, three level central composite design was used to study the response of four variables. A 2 4 factorial design was generated in order to study the effects of fructose, lactose, yeast extract and tryptone Table 1 . The experimental designs and the results obtained for growth and enzyme production are presented in Table 2 . (Table 3) . Table 2 . Central composite design matrix for the experimental design and predicted results for both growth and enzyme activity. The response surfaces shown in Fig. 1 were based on the final model, holding two variables constant at their optimum level, while varying the other two within their experimental range. As clear from Fig. 1 (c) , the maximum response for enzyme production (27.13 U/ml) occurred when lactose was used in a concentration of 0.9%. On the either side of the optima, the enzyme production decreased considerably. This suggested that the inducer (lactose) concentration in the medium had a very significant effect on the enzyme production. Lactose being natural inducer for Lac operon is not commercially applied because of its instability to resist metabolism. IPTG is used for the expression of recombinant protein under pET expression system but its cost is major hindrance in large scale process development. Thus the use of lactose with the same level of expression was a better option.
Here we have shown that 0.9 % lactose along with fructose as an additional carbon source at a concentration of 1.33 % was ideal for maximum nitrilase expression. The concentration of fructose also played an important role. Growth of cells was also found to be maximum at the same concentrations of lactose and fructose (Fig. 1a) . The idea of having higher fructose concentration in the medium was to allow the microbes to use fructose for growth and enzyme production 
CONCLUSION
With the growing acceptance for the use of statistical experimental designs in biotechnology, many microbial enzyme productions are improved using statistical approach.
This study allowed exploring the culture conditions for the production of nitrilase, approximately optimum of growth and enzyme production was achieve with overall 2.2 fold increase Nitrilase production by recombinant E. coli 
